Introduction
The processes taking place in lakes are determined by a combined influence of a number of factors. Usually macroscale factors such as thermal conditions, amount and kind of precipitations are taken into account, so lakes within the same regions are assumed to have similar conditions of functioning. The regions are distinguished on the basis of, for example, catchment area and type of lakeland, so lakes from the same regions are assumed to be similar. However, it is not always the case: some lakes even when lying at close distances can show significantly different features reflecting individual features of the lake catchment area and its basin. The main factors responsible for such differences are the morphometry of lake basins, the use of the catchment area, character of flow and geological structure. The latter factor, similar to the macroscale factors, is difficult or impossible to be altered by humans. Of course there are such sites at which the geological structure is transformed by people, such as Variation in the ice cover thickness on Lake Samołęskie as a result of underground water supply
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Abstract:
The character of phenomena related to freezing depends on macroscale factors and mainly on thermal conditions, but local conditions can also be of great importance in shaping the course of these phenomena. Building of ice cover can be substantially different even for neighbouring lakes as a result of different individual features such as, for example, morphometric parameters. In this study the variation in the thickness of ice cover on Lake Samołęskie (29 ha) localised in western Poland, is analysed. According to measurements performed the differences in the thickness of ice cover was significant as it varied from 20 to 33 cm. A characteristic feature was that along the west bank of the lake the ice cover was thinner and its thickness increased towards the east. Analysis of the hydrogeological data revealed that this phenomenon is related to the supply of water to the lake basin by efficient water-carrying formations. The influx of water affects the bottom layer of the ice cover. This effect is aggravated by the fact that the water is supplied under elevated pressure as evidenced by the presence of a polynia of about 10 m in diameter, over the deepest (over 20 metres deep) site in the lake. The polynia is never frozen, even during the coldest winters. The specific features of the lake illustrate the influence of local geological conditions on the character of processes taking place in lakes in general.
Keywords: lakes, ice cover, underground water supply opencast mines, but they need substantial investment and have strict economic justification. Thus, it can be assumed that the geological structure of a given part of land where the lake basin is located, along with the macroscale factors, determine its functioning. Relations of lakes with underground water have been the subject of interest of many authors (PiekarekJankowska 1973; Sacks et al. 1992; Winter 1999 , Smerdon et al. 2005 Choiński et al. 2008; Yin L et al. 2011; Kettle et al. 2012 ). However, not much attention has been paid to the influence of the underground water supply on the character of freezing phenomena on lakes. One of the very few works describing an example of such a relation is that by Choiński et al. (2008) . Of particular importance in this context is the character of ice cover that can isolate water from external influence, even for a few months, and can cause oxygen deficit. The paper presents preliminary results on differences in the thickness of ice cover of Lake Samołęskie, which is intensely supplied with underground water.
Study area and methods
The object of study was Lake Samołęskie localised, according to Kondracki (1987) , in the macroregion of the Greater Poland Lakeland (315.5) and its mezoregion the Poznań Lakeland (315.51), at about 50 km north-west of Poznań (Fig. 1) . The main parameters of the lake are presented in Table 1 .
As follows from the parameters presented in Table 1 , Lake Samołęskie has rather a great maximum depth and a relatively small area, but these features are not unique in the scale of the country. More interesting and unique is the surrounding or the lake -its west bank is a few-metre-high escarpment (Fig. 2) , while the other banks have gentle slopes. In the above context, it was interesting to analyse the hydrogeological conditions of Lake Samołęskie. It is localised in I A-Region of Wronki (Pękacki and Ziółkowski 1985 . The main usable water horizon of this region belongs to tertiary formations of a thickness from 40 to 100 m lying directly beneath the quaternary formations of rather small thickness ranging from a few to fewer than twenty metres. The efficiency of these formations is very high and near Lake Samołęskie it reaches 120 m 3 h -1
. Water in these horizons can be under pressures reaching over 100 kPa, which can produce artesian flow. The field study aimed at measuring the thickness of ice cover was made on February 13th, 2012. Altogether 21 holes were drilled in the ice cover over the entire lake area and the ice cover thickness was measured. The drilling was made by a bore made by Husqvarna (Fig.  3 ) with an internal combustion engine, while the ice cover thickness was measured with a measuring rod. The localisation of the holes was described with the use of a GPS12 Garmin.
Results of the measurements were marked on the map of the lake and after interpolations the differences in the ice cover were illustrated. the basis of an interview with local fishermen it was established that the polynia appears every winter (irrespective of temperatures) and remains in this spot to the end of winter. Results of the ice cover measurements are given in Table 2 . As follows from the above data, the differences in the ice cover thickness on Lake Samołęskie are significant as they reach as much as 13 cm over a rather small lake area. The changes in the ice cover are illustrated in Figure 4 . It should be mentioned that on the day of drilling holes the air temperature was nearly minus 20°C; similar air temperatures oscillating between -10°C and -20°C had been noted over the ten days before the date of measurements.
According to the results, the thickness of ice cover did not change at random but showed a regularity, i.e. in general it increased from the west to the east. The line of the thinnest ice cover corresponded to the line of the escarpment on the west bank of the lake. With decreasing slope of the banks, the ice cover thickness increases, Figure 5 .
The distribution of the thickness of ice cover proves that the water bearing horizons are more intensely drained on the west side of the lake. Taking into account the hydrological conditions described above, the differences in the ice cover thickness imply
Results
Measurements of ice cover were preceded by a field reconnaissance to establish that on the day of measurements the lake was not supplied by any surface inflow and there was only one outflow in the northern part of the lake. Moreover, in the central part of the lake, towards its southern part, the presence of polynia of about 10 m in diameter was observed. On Fig. 4 . Differences in the ice cover on Lake Samołęskie and a cross section of the cover Fig. 5 . Differences in the ice cover on Lake Samołęskie in relation to the topography of the lake banks. The right hand side shows the south part of the lake, see Fig. 6 . The polynia on Lake Samołęskie (13.02.2012) that the underground water supply is the factor significantly influencing the ice cover thickness. It is well illustrated by the profile presented in Figure 4 . The underground water reaching the bottom layer of ice cover in the west part of the lake causes a reduction in the ice cover thickness. It is a combined result of the higher temperature of the inflowing underground water than that of the lake water and the movement of water thanks to which it reaches the bottom layer of the ice cover. Moreover, as follows from the hydrogeological mapping performed in order to make the hydrogeological map of the area, the water supplying Lake Samołęskie must flow under elevated pressure. This conclusion is confirmed by the presence of polynia (Fig. 6) , above the deepest site of the lake, deeper than 20 metres. Formation of ice cover above the polynia is impossible because of the continuous movement of water flowing up from the bottom of the lake basin. Hence, after Choiński (2007) Lake Samołęskie can be treated as a kind of subartesian well, (as the outlets of the water bearing horizon on the lake bottom release water under elevated pressure).
The discontinuity in the ice cover is beneficial not only for the living organisms living under water but also for water birds. When all water reservoirs and rivers in the neighbourhood over the radius of a few kilometres were frozen, this small water enclave was used by over 20 swans.
Conclusions
Lake Samołęskie well illustrates the influence of local conditions manifested in the character of ice cover formation. The ice cover thickness measurements have proved significant differences over the lake area. The difference between the thickest and the thinnest ice cover was 13 cm, which is more than twice as thick as the ice cover thickness safe for humans, according to Ruman and Rzętała (2005) . The variations in ice cover thickness follow from hydrogeological relations and settlement of a part of the lake basin in efficient water bearing horizons. The ice cover variation on Lake Samołęskie indicates that estimation of the ice cover thickness on the basis of a single drilling must be treated with caution. The measurement made at a single site can give a value not representative of the whole ice cover. It should be taken into account in particular when studying the influence of climate changes on the thickness of ice cover. The ice thickness at some sites of a given water reservoir can be determined by the inflow of underground water as it is in Lake Samołęskie, not only by the thermal conditions. Diverse water supply from underground sources can influence the ice cover thickness. Therefore, the lakes at which observation of freezing phenomena are conducted for a number of years should be initially subjected to a detailed examination of the ice cover to choose the optimum site for further single point observations.
The results have encouraged us to conduct further detailed examination of the effect of underground water supply on lake functioning. Analysis of the chemical composition of water collected from different sites and at different depths is planned and measurements of ice cover thickness will be made in a denser network of holes drilled. It is intended to study the variation and processes of freezing both in the seasonal perspective and over many years. The results are expected to supplement the knowledge on the relation between lakes and underground water supply.
